United Services Section
President-Sir CECIL WAKELEY, Bt., K.B.E., C.B., F.R.C.S. [March 7, 1957] Spontaneous Pneumothorax in the Royal Navy By Surgeon Commander J. M. CLIFF, M.B., B.Chir., M.R.C.P., R.N. DURING the last thirty years a large number of series of cases of spontaneous pneumothorax have been reported from various parts of the world and the increasing number of such reports indicates that the condition can no longer be regarded as rare although Perry considered it as "comparatively rare" as late as 1939. There is no doubt that this apparent increasing incidence is due to improved diagnosis, both in the use of radiology and awareness of the condition, as in Perry's (1939) 85 cases where only 26 were recorded in the first seven years against 59 in the second period of seven years. Blackford (1939) noted an incidence of one per thousand male students at the University of Virginia while Schneider and Reissman (1945) found that one in five hundred men examined for military service in the United States gave a verified history of spontaneous pneumothorax. Kjaergaard (1932) had a clear conception of the condition when he included every case "that appears without demonstrable cause in healthy persons in whom tuberculosis cannot be demonstrated, either by examination of the sputum, by auscultation or by X-ray examination, and in whom the lesion is not accompanied by fever or by pleural effusion".
The material for this investigation was drawn from the admissions to the three Home Port Naval Hospitals at Chatham, Haslar and Plymouth during the years 1943 to 1953 inclusive. During the war years the number of admissions was far in excess of normal and while those joining the Service either voluntarily or for National Service were of the age groups normally serving in the Royal Navy they were supplemented by pensioners and retired officers over the age of 40; there is therefore some bias towards the older age groups in [1943] [1944] [1945] [1946] inclusive. During the eleven-year period under review there are records of the admission of 163 patients suffering from or subsequently found to have a spontaneous pneumothorax; only 3 were female.
Hospital admissions give some idea of the incidence of a disease but few statistics have been published for this condition, and the figures for civil and Service hospitals are not strictly comparable on account of the particular age group and predominance of males in the Armed Forces, the greater tendency to admit Service patients to hospital where the problems of accommodation of the sick in Ships and Establishments often do not permit nursing or even observation, and the fact that Servicemen are selected fit men (Tables I  and II ). theory has been advanced to explain this observation; it has been suggested (Wilson, 1937) that there is an innate sex-linked tendency but a more probable reason is that emphysematous blebs are more likely to develop in the sex which plays all sports and performs feats of strength in which the intrapleural pressure is built up against a closed glottis (Ornstein and Lercher, 1942) .
Physique. -Wilson (1937) noted that all his 11 Yale University students were singularly tall and lean while Norris (1940) observed that two-thirds of his patients were 10-37 lb. underweight and Hyde and Hyde (1948) reported that almost all their 63 patients were thin and underweight. Wilson (1937) argued that it is the tall thin young man with a low diaphragm and a predominantly diaphragmatic type of breathing who is more likely to concentrate tension on the apices of the lungs, but the opposite argument may well be used since the well-built youth is more likely to take part in strenuous exercise and therefore overdistend the apices of the lungs which are unsupported by the thoracic cage. Auti Perry (19391 Cohen and It was not possible to assess the physique of the patients in this series accurately from their medical records but there were available the weights of 128 patients and the average weight of the 127 males was 141-2 lb. (Table IV) . Family history of spontaneous pneumothorax.-A familial occurrence has occasionally been observed in this condition, Willis (1937) noting it in a brother and sister, Bachmann (1940) in a father and daughter, Brock (1948) reporting 2 patients whose near relatives had had pneumothoraces, and Young (1936) mentioning 2 patients in the same family who developed a pneumothorax while straining at stool; similarly Atwood (1926) observed the condition in a father and son and Rottenberg and Golden (1949) in 2 brothers. It has been suggested that the cause might be hereditary lung cysts in all these familial cases but this condition is rare and Perry (1939) did not feel that there was sufficient evidence for such a diagnosis, pointing out that there was no indication that the condition was transmitted as a Mendelian dominant as in congenital cystic disease of the kidney. There were no familial cases in this series.
Previous history of chest disease.-A previous history of pulmonary disease other than spontaneous pneumothorax was uncommon in this series, 157 (96 %) admitting to no such history; of the remaining 6, 3 were asthmatics, 1 had had pleurisy, another pneumonia and the sixth a contralateral pleural effusion.
Emphysema is often considered an unusual causative factor since it is rare in the young (except in asthmatics) and the blebs do not tend to become overdistended with air because they communicate with the surrounding lung tissue, but Perry (1939) found that 20 (91 %) of his patients over the age of 40 had clinical, radiological and spirometric evidence of emphysema. In this series the 5 (3.1 %) patients with radiological signs of unilateral or generalized emphysema were aged 23, 23, 31, 45 and 55; it was not possible to determine the cause of the unilateral emphysema in the 2 younger patients, 1 not being traced and the other symptom-free nine years later.
The presence of respiratory tract infection at the time of onset of the spontaneous pneumothorax.- Leach (1945) found that 18 (14%) of his patients had an upper respiratory infection and 13 had a cough but in only one did the pneumothorax occur during a bout of coughing. In this series there was a history of such an infection in 18 cases (11 %) but the month of admission to hospital does not suggest that this condition is more likely to occur when these infections are most common (Table V) . (1932) found no history of preceding physical exertion in 78-7% of the episodes in his report, 16% occurring while the patient was in bed; similarly 4 (6 3 %) of Hyde and Hyde's (1948) patients were wakened by symptoms of a pneumothorax and Jones and Lyons (1954) found that 11 (13 3%) of their patients were asleep or just rising. In this series the activity of the patient at the time of onset of the pneumothorax was recorded in 100 cases; 36 were at rest or asleep, 48 were carrying out mild exercise and 16 were taking strenuous exercise. There is therefore no close relationship between physical activity and the onset of a pneumothorax but it remains possible that exertion plays an occasional part.
Asymptomatic spontaneous pneumothorax.-The accidental finding of a pneumothorax at routine chest X-ray is not unusual; Kjaergaard (1932) noted 2 such patients, 5 of Wilson's (1937) 11 cases were detected in this way and Schneider and Reissman (1945) found that 5 % of their 100 cases were asymptomatic. In this series 5 men were found to have a pneumothorax at their annual mass miniature radiograph but only one was completely symptom-free, the remainder admitting to cough, chest pain or dyspncea on exertion, on direct questioning.
Lung involved in this attack of spontaneous pneumothorax.-In this series there were 80 right-sided attacks while 82 involved the left side, a ratio of 0-97:1; in 1 patient there was a bilateral partial pneumothorax. In 1,001 cases from the literature 529 were rightsided, 453 left-sided and 19 bilateral, alternating or unspecified (Table VI) (0-6 %) some evidence that the left side is more often involved when there is a concurrent mediastinal emphysema.
Recurrence of pneumothorax.-Recurrence is frequent at some later date, often in the absence of any evident predisposing cause, and many patients are instructed to lead quiet lives; they are advised not to close the glottis, or to avoid high altitudes or heavy lifting, yet these restrictions seem unnecessary since relapses may well occur while the patient is at rest and much avoidable invalidism may be encouraged. The relapse rate varies from 4*7% observed by Perry (1939) to 29-8% reported by Ornstein and Lercher (1942) with an average of about 20 %; the relapse may be in the contralateral lung, as in 20 % of Hyde and Hyde's (1948) and 35% of Ornstein and Lercher's (1942) patients. Schneider and Reissman (1945) found that only 10% recurred if two years had elapsed but Rottenberg and Golden (1949) noted the average time between attacks to be nearly two years although 15 (62-5% of their cases had their relapse within a year (Table VII) . 20 (12-3 %) patients in this series. gave a verified history of previous pneumothorax, 12 (7 4%) having had single ipsilateral attacks, 4 (2 4 %) two or more ipsilateral attacks, 2 (1 *2 %) one or more contralateral attacks, while the side of the previous attack was unknown in 2.
Degree of collapse of lung.-Estimates of the degree of collapse vary with the observer and radiological technique and therefore both Leach (1945) and Rottenberg and Golden (1949) divided their cases into only two groups, less than or more than 50% collapse; minimal collapse may not be detected unless radiographs are taken in full expiration and the technique is superlative. In this series the pneumothorax was reported as partial in 97 (59-5%) and complete in 65 (39*9 %), while in 1 it was bilateral and partial (Table VIII) . (61%) (39%) Presence of adhesions in the pneumothorax radiographs.-The importance of adhesions which prevent further collapse of lung has been stressed in the American literature on account of the greater incidence of subsequent active pulmonary tuberculosis in these patients but they are a group self-selected for the development of pulmonary tuberculosis, the adhesions often being due to a previous tuberculous pleurisy. None of the 6 (9-8%) patients noted to have adhesions by Kjaergaard (1932) developed pulmonary tuberculosis but this did happen to all 3 (5 2%) of Ornstein and Lercher's (1942) cases; similarly Cohen and Kinsman (1946) had 5 (13 %) cases with adhesions, 2 having no lung lesion after expansion, 2 inactive minimal tuberculosis and 1 active disease. In this series adhesions were noted at the time of the pneumothorax in 8 (5 %) patients but none of the 4 patients followed up for two to nine years developed active pulmonary tuberculosis.
Presence ofa simultaneous pleural effusion.-Small effusions are frequent, rapidly absorbed and of no significance and in his definition of pneumothorax simplex Kjaergaard (1932) allowed a trace of fluid in the costophrenic angle so long as it could not be detected clinically; when fluid rises above the level of the diaphragm a hemopneumothorax or a tuberculous effusion is almost certainly present. In a collected series of cases from the literature a small effusion was present in 31.5% (Table IX) but it was only present in 17-8% of the cases in (1 *2%) this report; the reason for the disparity of these figures is not clear but it is possible that Service patients are admitted to hospital earlier than in civil life and the chest radiographed before fluid has formed. In one patient in this series the trace of fluid was aspirated and found to be clear, containing 96% lymphocytes. Presence offever.-A low-grade fever is often noted in the first week, as in 11 % of Hyde and - Hyde's (1948) patients, but a temperature repeatedly above 99'60F. indicates either a tuberculous effusion or a hemopneumothorax and it is significant that the two of Cohen and Kinsman's (1946) 39 patients to have fever were both found to have active pulmonary tuberculosis. Temperature charts had been preserved in 66 cases in this series; 14 (21'2%) showed a fever of 99-100°F. for less than a week, while there was no recorded fever in 52 (78'8 %O) .
Laboratory investigations.-Little useful information is obtained from routine investigation of the erythrocyte sedimentation rate (E.S.R.), the white cell count, sputum examination for tubercle bacilli or the tuberculin skin test in spontaneous pneumothorax. Jones and Lyons (1954) found a normal E.S.R. in all 60 cases except one who had pulmonary tuberculosis while Hyde and Hyde (1948) noted that a slightly raised E.S.R. or white cell count was not of diagnostic value. In this series the E.S.R. was normal in 100 (97'1 %) of the 103 patients examined and the fact that it was 18, 23 and 25 mm. in one hour in the remaining 3 did not prove useful in the ultimate prognosis, each patient making an uneventful recovery and remaining well for one to ten years; similarly the blood picture was normal in the 49 patients examined and the sputum repeatedly negative for tubercle bacilli in all 67 examined.
A negative tuberculin skin reaction is strong evidence against a tuberculous aetiology for the pneumothorax and there are limited reports in the literature that about half are positive in the absence of active pulmonary tuberculosis (Table X ). In this investigation 5 out of 9 patients showed a positive reaction. (1939) showed that over-inflation of the lung of a cat ruptured alveoli causing pulmonary interstitial emphysema, subcutaneous emphysema in the neck and often a concurrent pneumothorax, the air passing to the mediastinum via the vascular sheaths and not by the bronchial sheaths. Scadding and Wood (1939) separated two groups of cases with transitory noises over the precordium; in the first a chiefly systolic clicking sound always indicated that a left pneumothorax was present while, in the second, churning, crunching or crackling sounds in systole and diastole occurred in mediastinal emphysema, both sorts of sound being found when a pneumothorax was present in association with mediastinal emphysema.
There are a number of case reports in the literature of a left-sided pneumothorax in the presence of mediastinal emphysema (Wolferth and Wood, 1930; McGuire and Bean, 1939; Miller, 1944; Hamman, 1937 Hamman, , 1939 and in the only possible case of a right-sided clicking pneumothorax (Black, 1948) the sound was not observed clinically. In the present series there was radiological evidence of mediastinal emphysema in 2 patients; in both there was a left-sided pneumothorax and an audible and palpable clicking noise was heard over the pricordium.
Air travel.-Air travel may prove dangerous in the removal of patients with a pneumothorax to special treatment centres on account of the expansion of the air in the pleural space when the barometric pressure falls. In this series a large lung cyst ruptured while a man aged 20 was flying as a passenger and he was in immediate respiratory distress while a second patient became increasingly breathless when he was flown to England from the Mediterranean before the lung had completely expanded after a pneumothorax.
Treatment.-Treatment was symptomatic until there was evidence of considerable reexpansion. Air was aspirated from the chest in 16 (9.8% ) cases (in 9 for the relief of tension, and in 7 to hasten expansion). The potential danger of the development of a contralateral pneumothorax and the economic loss from the prolonged sickness under conservative treatment have led to continuous intrapleural suction being advised in order to obtain early expansion of the collapsed lung and Jones and Lyons (1954) employed this method in 15 (25 %) of their patients where the lung had not shown any evidence of expansion after five to seven days on conservative treatment. There is a danger of sepsis with empyema formation, as in one case in this investigation.
Time for expansion of the collapsed lung.- Leach (1945) found that those with less than 50% collapse took about nineteen days to expand while the remainder took about forty-eight days and Cohen and Kinsman (1946) reported an average stay of their Service patients in hospital of forty-one days; in civil practice Schneider and Reissman (1945) observed that their patients were away from work for three to four months and even longer in compensation cases. In this series records are available for 136 patients, the average time for expansion being 39*75 days but there were 8 (4 9%) patients in whom expansion was delayed for 104-171 days. It is in these latter cases that a persistent bronchopleural fistula may be present and Brock (1948) brought to notice the chronic ill-health and marked loss of weight in 46 patients in whom the average duration of the pneumothorax was fifteen months (Table XI) . -Kjaergaard (1932) found references to only 6 deaths in 200 typical cases and in 4 it was due to hwmopneumothorax. Rottenberg and Golden (1949) had two (2-1 %) deaths due to tension pneumothorax and several other single cases have been reported. There were no deaths in this series.
Abnormal chest radiograph after expansion.-The final chest radiograph was abnormal in 25 (15*3 %) patients; in 13 there were ipsilateral or contralateral calcified lesions, in 6 ipsilateral or contralateral bullk, in 5 ipsilateral or generalized emphysema and in 1 an apical pleuritis. 5 of these patients had had previous attacks of spontaneous pneumothorax. Cohen and Kinsman (1946) reported similar findings in their Service patients, 17% having minimal inactive lesions.
Final disposal on recovery from the spontaneous pneumothorax.-148 (90-8 %) patients returned to full duty while 15 (9 2%) were invalided from the Royal Navy as a direct or indirect result of their spontaneous pneumothorax, the invaliding diagnoses being: inactive pulmonary tuberculosis (4), emphysema (4), recurrent pneumothorax (2), asthma (2), multiple bulle (1), effort syndrome (1), following pleurodesis (1). In the U.S. Army Air Force Leach (1945) found that 74% returned to duty, 10% were invalided, and the disposal was unknown in the remaining 16% while Cohen and Kinsman (1946) stated that 80% of their men in the U.S. Army were retained and 7 % invalided.
THE FOLLOW-UP 119 (73%) of the patients were traced, 3 of whom were dead, leaving 116 (71 2%) for this analysis (Table XII) . 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 Deaths.-One patient died in status asthmaticus at the age of 30, six years after his pneumothorax, and another as the result of a road accident, also six years after his attack; the third patient died at the age of 59, four years after his pneumothorax and following invaliding on account of emphysema. None of these patients had had a recurrence of his pneumothorax.
Recurrence ofpneumothorax.-14 (12-1 %) of the patients had had an ipsilateral, contralateral or bilateral recurrence of spontaneous pneumothorax. The relapse rate may therefore be summarized as follows: 20 (120%) of the original 163 patients had had a previous pneumothorax and 14 (12%) of the 116 patients followed up for one to ten years had had a recurrence but this includes only 1 of the original 20 and he was an asthmatic (Table XIII) . (Table XII) .
Significance of adhesions in the pneumothorax radiograph.-A follow-up was obtained on 4 of the 8 patients in whom adhesions had previously been observed; 2 had had their pneumothorax in 1945, 1 in 1949 and 1 in 1952 but none had developed pulmonary tuberculosis and only 1 had had a further pneumothorax (contralateral), this patient being known to have generalized emphysema.
Symptoms.-87 (75 %) of the patients traced were symptom-free while 29 (25 %) attributed their breathlessness on exertion (in 27) or winter bronchitis (in 2) to their spontaneous pneumothorax (Table XIV) . 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 Chest radiographs.-81 (69 8 %) patients had had a normal chest radiograph within the previous two years while 22 (19%) had had no further chest film following recovery from their pneumothorax. 13 (11 2%) patients had abnormal chest X-rays but in 10 (8-6%) the abnormality was known to have been present following expansion of the collapsed lung, leaving 3 (2-6%) who had developed lung lesions during the follow-up period. In one patient a large ipsilateral bulla appeared and lobectomy was performed, another was appealing to the Pneumoconiosis Board for compensation after a chest film had shown some reticulation in both lung fields, while the third had developed open pulmonary tuberculosis. This last patient had had a left spontaneous pneumothorax on three occasions (aged 17, 18 and 19), followed by a right-sided attack at the age of 20 with a normal chest film after expansion and he did not develop tuberculosis of the left upper lobe until he was 23 years of age.
Development of pulmonary tuberculosis.-The absence of any relationship between a previous spontaneous pneumothorax and pulmonary tuberculosis is well demonstrated by the long follow-ups in the literature (Table XV) Summary.-The case records of 163 patients admitted to the Home Port Naval Hospitals with a spontaneous pneumothorax during the period 1943-1953 inclusive have been reviewed. It is essentially a disease of the young adult male of average physique, associated with no marked constitutional upset, involving either lung equally unless mediastinal emphysema is present when the left lung is more often involved, and it usually absorbs within 6 weeks; physical exertion is not an important precipitating factor but there is a considerable risk of recurrence. 116 (71-2%) of the patients were followed-up for one to eleven years; 3 (1 -8%) had died without a recurrence of the pneumothorax, 14 (12f 1 %) had had further attacks and one (09 %) had developed contralateral active pulmonary tuberculosis three years after his last pneumothorax. This investigation confirms that the incidence of pulmonary tuberculosis in patients who have had a spontaneous pneumothorax is no greater than in the general population but it remains important to exclude tuberculosis at the time of occurrence of the pneumothorax. 
